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I .riic device aad use thereof 



i- -vention relate, to an electronic device comprising * least one s^mdm*, 

• having a first a nd an opposed, second side, which at least one semicondi w 
''' •''^ Evicted • 
-<h r passivatmg material, which device further comprises an electrically conducive : 
»' v< > hi the first side, which layer comprises a first, a second and a third coma* ,U ' 
i-.«M.ie for external contacting, and which first, second and third contact pads ' 

• ' l, '<<^tott«,fh^se^ = 
« oM-ctflvo interconnecting means, which ibst and second contact pads are provide 

, first and a second side face and which third contact pad is provided wi,b , «' 
•••<■■ bo* which first side feces of the first and second contact pads are fab* tl,! ih« ! 
' "' ' of t,,e «"> *»*•* P a °, which second side faces of the first and secmd : 1 
< ••».( ».-.( pads are facing each other at least partially and comprise a first part and h ! 
■ « wl part, the first part located nearer to the first side face ihan the second pa, < . 
' i. • i.-vontion also relates to use of this electronic device. ! 

11 nn dtcUotlic dcvitoi * ****** to ti* non^epublished application 
J ' « «30S (PHNL01 0398). Said device is provided with a first and a second 
c; »•< ..r-tive layer, in between of which a semiconductor dement and a oomtk.ii' 

• ...I .er are present. The semiconductor element and the connection mcmW, 
« n (! ,,tcd to the first conductive, patterned layer with metal bumps. At the second 
! ;<!• • 1 1 «y are connected with electrically conductive adhesive to the second 

■ « octive layer. The first conductive layer is provided with five contact pads of 
«*W. the third is connected to the connection member and the others at* conned : 
i« f«. semiconductor element. Thethird contact pad is provided with an extend * ' 

nr* side. This extension Is present between the Qm and second comae, pad. 
'''^P^tbe^nds^ 

It is a disadvantage of the described device, that at frequencies higher than 10 " 

■ • ' the insertion loss falls under-0.5 dB. This will cause signal distortion, rcJhh.g 
ih-«.m fhallhc device is not suitable for millimeter wave applications. ' 



Fax sent by: +31 15 3695714 DR RHJ JANSEN A4->A4 Pa: 8 

008 24.12.2002 17:34 

I 

I 

ii if. therefore an object of the present invention to provide an improved device (>hj«! . 
!. i : n» described in the opening paragraph, which is also suitable for frequencies ) jibber [ 
dim SO OH* 

*i 1 1 ! : c >bject is achieved in that : 

tiiv <im side faces of the first and second contact pads and the first s5dc face ttfYnn 
jMM.-.i contact pad arc separated by a spacing that is contiguous along the first sk3c 
in' and 

■ ili'- first parts of the second side feces of the iirst and second contact pad* nt*. »t a 
in- 1 ua) distance that is smaller than the distance between the second parts of tbcj* 
f:i<h. faces. \ 

liu i osulting device also functions adequately at frequencies higher than 30 <>< f V. t 
J .\H« reflection above 30 GHz is mainly due to the shape of the wave-guide ami Ihc 
-i i-.tc . ia) properties. The invention provides an improved shape with less ieflee|>(>n. 
/ ;: result influences the insertion loss behaviour is improved, 

H is an advantage of the device of the invention, that the parasitic induoffihwt 
i <*. u iMder&bly reduced as compared to the described device. This is not only t h6 case 
; . j'rtquencies above 30 GHz, hut also at lower frequencies. 

In a preferred embodiment the first and the second part of the second side 
if*. 1 1 are oriented substantially parallel to each other and are separated through u tbhd! 

I ku t JM, Good results have been obtained with this structure^ particularly in fact ' 

I I < of that the parasitic capacity between the first and second contact pad ii* 
< Jirhfierably reduced. 

In another embodiment the first and second side faces of the first and the 
: < 4*omi contact pads enclose an angle which is in between of 90 and 1 80 dc^i ecf.- 'Si is 
i.'id.;» wood that the first side faces is not completely straight. The angle is immur-d 
: >. d: i ween a major part of the flm side face and the first part of the second mdt; luce, 
f hu to this angle the spacing between the first sides of the contact pads has Jet* f&arp 
1 1 , mi f han that of the described device - which sharp turns cause the refleetw >n ■ and 
h*.* longer straight portions where the flow of the wave is unimpeded. 

Particularly, the spacing has a trapezium shape. Such a shape improves f h* 
\ i ...Mw/uission of the wave, inside of the wave guide. 

Alternatively, the spacing has a straight shape. This appears the ideal format, 
i J i hi- The power wave flows with the smallest insertion losses. 
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3 J|1X;fO£!9 ; 

Xn a preferred embodiment the third contact pad is connected to ground. TUt 
j.ioh'Uni of insertion loss is particularly present in this case, since the electromagnetic 
* , srvi-5! are influenced by potential differences. However, instead of a ground 
?• uorfial, the third contact pad may also he provided with a negative potential <n 
c n.v.l.iir potential, that is different from the potentials at the first and second ciwum t 
i ■ u. These contact pads are generally used as signal pads. 

In a further embodiment: 
i) r Jhird contact pad is provided with a second side face opposed to the fii*rt auto 
>;(•.;• 

. u fourth and a fifth contact pad are present at the second side face of the third 

< * instil pads, which are connected to fourth and fifth bonding pads at the at John* wie 
u 1 1 1 1 1 * mductor element; $nd ! 

\!;c fourth and fifth contact pads arc provided with a first and a second side fa<<\ 

v, liit.ii first side faces of the fourth and fifth contact pads are facing the second &\&r 

!,;<:: (if the third contact pad and arc separated by a spacing that is continuous wMuli 

■ 

; • : <M»d side faces are facing each other and comprise a first part and a second pyr^ 
fi t .'nst part located neater to the first side fkco than the second part, which firsr fnutx 
us t J k necond side feces are at a mutual distance that is smaller than the distance 
t ■•) ween the second parts of these side ftces. 

In this embodiment the device may comprise more than one semicondnc4oi 

< U nt-nt, or may be semi-discrete clement The fourth and fifth contact padH hava'a 
\>'\H>Mii which is substantially the same as that of the first and second contact paOti, 

In a farther embodiment the third contact pad is connected with a second , 
i. ) i ictive layer, which is present at the second side of the semiconductor eJojmm . 
i in >\ 1 1 Jrd contact pad is in this manner provided to a back-contact of the 
: < j i lie onductor element The provision of the second conductive layer alJowa h\£.hm 
iii jJJity, The second conductive layer may be a heatsink and/or a ground pla>n-J c " 41 
i •: »^ mr.ction to the back-contact to vertical semiconductor elements, such as cticvU^ and 
\ i] it iU\t transistors. 

The device of the invention is particularly, hut certainty not exclusively n 
ii,.n^Htor. 

Inferably, the electrically conductive layer of the device comprises bnfh'pm 
i .v. tium pads for external contacting and pads for interna) interconnecting. Jlo wt v« >> 
im/.u-irl pf such one-layer leadfiame a two- or three layered construction may U- nscd 
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a •■•(•••„ ;( fively. It is highly preferred that the electrically conductive layer is 

n,- c.swicaily anchored in the encapsulation This is achieved, for instance. ibni ih<. 

ticdJy conductive layer is provided on a sacrificial layer, which is etched so ftsto 
c ( */' under-eteh under the electrically conductive layer. One of the advantage* vt 
f :i abstraction, next to its improved mechanical stability, is that the electrically 
< • *.<i..'clivc layer may have a relative small thickness, particularly smaller thar, 40 ' 
t. ." .meters, and preferably in the range of 5-15 micrometers. A very suitable 
J. >»i is copper that is provided with suitable adhesion layers for any metal < v ' : 
! • iW« bumps. The mterconneoting means comprises metal bumps by prefiaenee; • 
It iwc.ver, wire bonds may be used alternatively. 

'• : a. .' (. >md other aspects of the device of the invention and its use will be fin th» 
: ntirtmd with reference to the figures and a table, in which: 

Fig. 1 shows in bird-eye perspective the device as described in the mrlhv ' 
i i'j'l'vvttion; 

Fig. 2 shows in bird-eye perspective a first embodiment of the device of % 

i-.ivi - niton; 

hig. 3 shows in bird-eye perspective a second embodiment of this device; ' 
Mg. 4 shows a top view of a third embodiment of the device of the Jnvontfan; 
Fig. 5 shows a top view of a fourth embodiment of the device of the 

■in. rut ion; 

Table 1 shows measurement data relating to the devices shown in Fife, h \ m\6 
Fig. 6 shows a graph with data relating to the devices shown in Fig. J. -j. 

• U: j'.gures are not drawn to scale and arc purely diagrammatical. Like reference 
».m 'I i«r in different figures refer to like parts. 

Mg. 1 shows a prior device 10 with a first side 8 and a second side 9. Jr • 

* "..prises a first electrically conductive layer 3 and a second electrically cundmrivo 
a ye, 4, both comprising copper and having a fiiiokncss of 50-100 micrometer. The 
«a v'ru'i 1 0 is provided with a semiconductor element 1 . and a connection men.be. 7 of 
u .p, <:i or silicon. Both are connected to the second conductive layer 4 with 
>...»f.<,fropic8Hy conductive glue, and to the first conductive layer 3 with solder bump*. 
•I i.c elements 1,7 are encapsulated with an encapsulation 5 of passivating, *!f»fc}uMy 

i • isi .Uing material, in this case of epoxy, as known to the skilled person. The mm- 
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; »i wi i bonding pads (which may include the use of a fecc as contact, such a* a bftck- 
t»mffl«4X ** connected to contact pads 11, 12, 13, 14, 15. The first and second 
i <«jjf*K-t pads 1 1,12 are provided with first side feces 111,121 and second side feces 
1 1 y, J 22. These second side feces 1 12, J 22 comprise a first part A and a second part 
'■• luiein the first part is located nearer to the first side faces J J J, 121. Thetiitai ' 
''.nit;u4 pad 13 comprises a first side feces 131 and is provided with twexlcnmon W. 
1 1)., lirsl parts J 12A, 122A are feeing to side feces of this extension 139, 

I f ig.2 shows the device 100 of the invention in a first embodiment. The first 
mhI :a«ond contact pads 1 1,12 have second side feces 1 12, 122 with a first part ) 12 A, 
i '.Oh . and a second part 1 12B, 122B. These first parts 1 12A, 122A arc at a mtihMl 
;::l»:uce that is smaller than the mutual distance between the second parts 1 121% 
i xn J . One might say that the extensions on the first and second contact padf» 1 1 j'A 
) iwvc l>een transferred to a location nearer to fee third contact pad J3. 
■ \Mtti nt jj y io the prior device, fee device of 1he invention comprises between the fitwt 
s i.ic will, 121, 131a continuous spacing 200. The first and second contact pads 
i ' J :> ate used for the transmission of signals, whereas the third contact pad ) 3 »-] 
i rut' >is ground connection. It may be connected to a second conductive layer hh ti>*. 
. i.vlu. in Fig. 1. 

in this embodiment the major part of the first si de faces 11 1, 1 2 1 and thi ■ tf rrt 
»•>.. 1 1 12A, 122A of the first and second contact pads 1 1, 12 enclose an angle w of 
nunc than 90 degrees, about 120 degrees in particular. This results in an impiovttf 
..<.«> emission, and in a trapewum-like shape of the spacing 200. ! 

I'ig. 3 shows a second embodiment of the invention. Herein, the spacing 20u 
> sfwiight, which has a positive influence on the insertion loss. 

Fig 4 shows a third embodiment of the device 100 of the invention, i ler«i?i, 

i 

fl.t. !:..acing 200 comprises a curve. Besides, the third contacipad 13 is split int.. « 
i .* i.| ] iart 23 and a second part 33. 

big. 5 shows a fourth embodiment of the device 100 of the invention. Wwi;m, 
i. fim: >h contact pad 14 and a second contact pad 15 are present at the second side 
?!!<•<• ) 12 opposite to the first side face 131 . The fourth and fifth contact pads 14, 1 5 
I •= vi n shape similar as the first and the second contact pads 11,12. It is in this 
. rnliudiment highly preferred that the third contact pad 13 is connected to the gi <nmd, 
i liat the other contact pads 11,12,14,15 are signal pads. 
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Transistors of the types shown in Fig. 1-3 were compared. The transmit.! irf ihe 
•yii <)) earlier described used hereitt did not contain any connection membu ar«L had 
o.iiy three contact pads, that were all connected to bonding pads at the first side of the 
• ■ »-,r! ifitor. The transistors of the invention (II, in) were those shown inFig. 2 tmt a, 
■j in * <rst and second contact pads were used as signal pads, whereas the third eottuiet 
1 •(. :'' wm used as ground pad. 

Table J shows measurement data for the parasitic capacitance C and the 
i • if ! . <•• Innce L of the transistors &r different frequencies F. It can be seen that 
1 * ••! i. ularly the inductance L is considerably lower in the transistors of the invention. 
1 hr 1 upaciiance C is somewhat higher in the type with a trapezium like spacing t«/t 
■<• vt . y much comparable lor the types I and III. Furthermore, in the transistor* N tbe 
:ji v» -ition It, HI, the change in the capacitance C and the inductance h as a fimcuhtti vV 
ihi ii equency F is smaller than in the transistor as earlier described J. 

Figure 6 shows a graph, wherein the Insertion loss S is shown as a ftmwion of. 
1 1 « • I'Mtquuncy for the three transistors 1, II, HI. Due to the improved structure ut il» 
» .uii-uif pads the insertion loss reaches its minimally required value of -0.5 dB bt-ihe 
\\ f= =»f istors 11,111 at higher frequencies than in the transistor I, 
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f J,o in summary, the invention provides an electronic device comprising h 
! •. )riw onductor element, an encapsulation and an electrically conductive laycx witfi u 
} .1 111. «:ud a second contact pad, used a» $ignal pads, and a third contact pad u*ed i* 
}• 1 1.1 -ml pads. :Duc to the shape of the contact pads, the spacing is continuous, \\UK a 
vn«il entrance in between of the first and second contact pads. The device is miHiAtfo 

* * x ■ i o at frequencies below and above 30 GHz, particularly up to 40 CtHz, 
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i.au electrode device comprising at least one semiconductor element havh.g , f 
'•»* «• opposed, second side, which at le „st one semiconductor element ft. provide 

« first, a second and a third bonding pad, and which is encapsulated with « 
.««.vtffa« material, further comprising an electrically conductive layer at the i,m 



■ vl .«•», layer comprises a first, a second and a third contact pad suitable for «***> 
. -f ( .c»in & and which first, second and third contact pads are connected to the Iff* 

^ ».d and third bonding pads respectively through electrically conductive 

■ ■ • 1 1 •* « ujin^cting means, 

ivWrJ, first and second contact pads are provided with a first and a second side fWc 
•> «i which thhtl contact pad is provided with a first side face, 

h first side faces of the first and second contact pads are facing the firs, ^ 

(- th^ contacted and ate separated by a spacing that is continuous along ,»in 
: i'irf Mdc feces, . 

*-'»'< U second side faces office first and second contact pads are lacing each othei and 
- ...pn Se « first pari and a second part, the first part located nearer to the fir* ^ 
»*'•« i ban the second part, 

*»* h first parts of the second side faces of the first and second contact pad, «,,. Irf tt 
distance that is smaller than the distance between the second par* of thc„e 

■•■ /- electronic device as claimed in Claim 1, characterised in that the first and the 
• < <,.n part of the second side faces are oriented substantially parallel to each other 
; »:i ii» c separated through a third parallel. 

: • A, electronic device as claimed in Claim 1 or 2, characterised in that the Am and 
u <,o,d side faces of the first and the second contact pads enclose an angle which is in ■ 
\ i i w\m of 90 and 180 degrees- 

n. An electronic device as claimed in Claim 1,2 or 3, characterized in that tin: „p llfc ing 
1 - irapsziunj- shape. 
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An electronic device as claimed in Claim 1 7 characterized in that the spaci7>£ ifc 

t . A j electronic device as claimed in Claim 1, characterized in that the third contWt 
I .a hi connected to ground. 

7 . A 1 1 electronic device as claimed in Claim 1 or 6, characterized in thai: 

. the third contact pad is provided with a second side face opposed to the fitst 

?: {< n>rth and a fifth contact pad are present at the second side face of the \hv t\ 
i pads, which are connected to fourth and fifth bonding pads at the at Iwitf 'iwo 
:/-.iinc*inductor element; 

i nc fourth and fifth contact pads are provided with » first and a second side fm*\ 
u ii.t-Ji JJrst side faces of the fourth and fifth contact pads are feeing the second titiv 
itw. of 1he UuVd contact pad and are separated by a spacing that is continuous wtiiol i 
; c rt-u) side faces arc facing each other and comprise a first part a«d a second pnri. 
[\iv. fu si part located nearer to the first side fiico than the second pail, which first 'parts 
< ,i* tlv.- second side faces are at a mutual distance that is smaller than the distance 
Itrfwoen the second parts of these side faces. 

; Aw electronic device as claimed in Claim I or 6, characterized in that the thh 6 
t , x „i Vl o\ pad is connected with a second conductive layer* which is present at the . 
i < . t u id side of the semiconductor element. 

i 

• » A \ i electronic device as claimed in Claim l P diaracteri/.ed in that the 
» ; a :,iu>nduelor element is a transistor. 

i r K \ f£u of the semiconductor device of arty in the previous claims at a frojnunuy'ftf % ai a 

•r.iri :iocffifas. 
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1 »« cMMi. device (100) comprises a semiconductor dement OX an encup^,,, ! 

t -) > .nl « electrically conductive layer (3) with a first and a second comae, 

l " J >X U8ed aS ^ pad *> «" d * *M «t pad (13) used as ground pads *± to 

1 ' ,,,5 ° m ° f tbe fifSt and intact pads (1 M2 ). The device OW) * ' 

■ ....-«.•« for use at ii^ncies below and above 30 GH^ particularly up to40 W fc 

i s t .. i : 
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